
Network Design Optimization of Combined Cooling 
Heating and Electric Power (CCHP) Fuel Cell Systems 
(FCS) and Distributed Energy Devices

!"#$%"&%'&"&()*+%,-./-"(&*"0.-"+.-1&.,2-"+2$&01&!"#$%"&3.-,.-"+%.#4&
"&5.67822$&9"-+%#&3.(,"#14&:.-&+82&;#%+2$&!+"+2'&<2,"-+(2#+&
.:&=#2-/1>'&?"+%.#"*&?)6*2"-&!26)-%+1&@$(%#%'+-"+%.#&)#$2-&6.#+-"6+&&
<=A@3BCADC@5EFBBBG&&!@?<HBBDAFIFJK&

Problem

Approach

Results (cont.)

!!!!"#$!%&'()%*+!',-),''$),-!(./'+0!.1!234!%.#5+'/!6)7&!*80.$57).,!%&)++'$0!/'0%$)8'!7&'!1#,/*9
(',7*+!5&:0)%0!.1!%.(5.,',70!*,/!$'5$./#%'!('*0#$'/!0:07'(96)/'!5'$1.$(*,%'!/*7*;

!!"#$%&'!()$(*+,%!,-+,!../0!1.2!*+)!+*-(%3%!%45*(%)*(%'!+6#3%!789!:(,-!*+;%4<&!,-%;=+&!
! ),7'-$*7).,;
!!>#<6&%?%44%*,!&(,-(<=!6;#=($%!@A(B;C!*-(&&%;'!:(&&!#D%;+,%!:(,-!+!*#%45*(%),!#4!D%;4#;=+)*%!!!
! @.E0C!#4!6%,:%%)!8FG!+)$!HF8!#3%;!1.2!%I-+<',!,%=D%;+,<;%'F
!!!2.$!(.07!.1!7&'!(*$<'7!*,/!/'0)-,!5'$(#7*7).,0!),='07)-*7'/>!07$*7'-:!=))!?'+'%7$)%)7:!
=+I(=(J()K!@LMCN!-%+,!&#+$!4#&&#:()K!@/CN!*##&()K!&#+$!4#&&#:()K!@.CO!('!,-%!=#',!%*#)#=(*+&F!!
!/#:%3%;N!4#;!'#=%!D%;=<,+,(#)'!%(,-%;!',;+,%KP!3!Q%&%*,;(*(,P!&#+$!4#&&#:()K!@LCN!/N!.O!#;!3(((!!
!QLMN!.N!/O!('!6%',N!D+;,(*<&+;&P!:(,-!)#!K;($!*#))%*,(#)F

!!@&'$(*+!07.$*-'!)0!.%%*0).,*++:!'%.,.()%*+A!%..+),-!07.$*-'!)0!$*$'+:!'%.,.()%*+A!'+'%7$)%*+!! !
! 07.$*-'!)0!,.7!'%.,.()%*+;
!!2,;+,%K(%'!3!QLN!/N!.O!+)$!3((!QLMN!/N!.O!-+3%!,-%!&#:%',!.EB!'()00).,0;
!!E<;!#D,(=(J%$!../0!1.2!$%'(K)'!-+3%!,-%!&#:%',!*#','!+)$!.EB!'()00).,0!.1!*,:!1.00)+91#'+9!!
%*5*8+'!/)07$)8#7'/!-','$*7.$;!"#$!(./'+),-!%*5*8)+)7:!$'/#%'0!7&'!/'='+.5(',7!7)('>!%.070>!! !
+)$!%)3(;#)=%),+&!4##,D;(),!4#;!(=D&%=%),()K!../0!1.2!+)$!K;%+,&P!%I*%%$'!=#$%&()K!*+D+! !
8)+)7)'0!.1!),/#07$:!*,/!.7&'$!+*80!),!7&)0!*$'*;
!!R-('!A>S>!D;#T%*,!-+'!;%'<&,%$!()!>EL?4<)$%$!'D()?#44!D;#T%*,'!#4!UVVWX!()!1Y8Z!+)$!#3%;!! !
! U[88X!()!1YH8F

Sandia National Laboratories
Whitney G. Colella, Aerel Rankin, Pere Margalef, Sarah Kelly, Jack Brouwer, 

Matthew Abbott, Melahn Parker

Significance
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Results

Power plants using combined cooling, heating, and electric power 
(CCHP) can reduce fuel consumption and CO2 emissions by 46%.  

Cooling: 30 units (COP = 1) 

Electricity: 47 units,  !e = 47% 

Heat: 18 units, !h = 18% 

Energy Loss: 5 units,  5% 

Fuel  
Input 
100 

CCHP Method 

Heating Power: 18 units,  !h = 85% 

Energy Loss: 3 units, 15% 

Fuel  
Input 21 

Cooling: 30 units (COP = 4) Electric 
Chiller 

Fuel  
Input 23 

Electricity: 47 units,  !e = 33% 

Energy Loss: 95 units,  67% Fuel  
Input 
142 

Electricity: 7.5 units,  !e = 33% 

Energy Loss: 15.5 units,  67% 

Conventional Method 

CCHP converts heat to cooling power via one of a few different thermodynamic cycles. 
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